The purpose of this study was to investigate the effect of long-period exposure of 30% hydrogen peroxide on bovine enamel. Polished labial surfaces were scanned using an atomic force microscope after bleaching for 120 hours. Compositional change and microhardness of the enamels were evaluated using a Fourier transform Raman spectrophotometer and Vickers hardness tester.
INTRODUCTION
The use of bleaching agents to whiten teeth has a long history.
Hydrogen peroxide is one such bleaching agent, of which its efficacy in whitening discolored teeth was established by the early 1900s1). The reason for dental discoloration is generally due to complex chemical and physical interactions of teeth with stain-causing materials such as coffee and soft drinks2).
Smoking is also a very common cause of discoloration.
Hydrogen peroxide is an oxygen-rich solution that readily decomposes when it encounters materials with which it can react.
Decomposed hydrogen peroxide releases oxygen-free radicals that initiate complicated oxidation processes.
In the course of the oxidation process, dark-colored organic molecules change to light-colored ones. However, the exact mechanism of hydrogen peroxide decomposition has yet to be determined3-5).
The effects of bleaching agents on teeth, in terms of color change and surface modification, have been evaluated by many researchers6-10). Researchers generally agree that bleaching agents effectively reduce or eliminate dental discoloration.
However, reported conclusions concerning surface modification vary and differ11 -14) . In many cases, the results were affected by the resolution and magnification of the scanning electron microscope. Unlike a scanning electron microscope, an atomic force microscope (AFM) has many favorable features such as less need for perfect dehydration and surface coating with conductive materials, the ability to operate under all sample conditions, and availability of 3D images. Atomic-level resolution and nanometer-order observations without surface damage during sample scanning make AFM an attractive alternative for extremely high-resolution images15-17).
As an alternative technique to conventional dispersive Raman spectroscopy, Fourier transform Raman (FT-Raman) spectroscopy is increasingly recognized as a significant analytical method for biomedical applications18,19). FT-Raman spectroscopy is a technique that utilizes Raman signals.
The signals contain a significant amount of important information regarding the composition and structure of materials at molecular level. Any changes in a tooth will affect the states of molecules and vibrational modes; these changes will in turn be reflected in the Raman signals.
One of the main advantages of using Nd: YAG laser as a light source is the elimination of fluorescence, which occurs due to the electronic absorption of the excitation radiation, even though this is a controversial topic still hotly debated20-22).
The softening of tooth surface after treatment with bleaching agent has been investigated by many researchers and has made dentists conscious of the safety of using bleaching agents on their patients' teeth9,10). Mineral loss from tooth surface, which alters the morphology of the enamel, reduces microhardness -depending on the content of mineral loss14,23). Mineral loss has a close relation to our even and looked like gatherings of buds (Fig. 1 ). However, after bleaching, the edges of the enamel crystals became sharper, with each enamel crystal being more discernible and the unevenness slightly reduced (Fig. 2 ). Cavities were found on the surface.
However, these cavities were not produced by bleaching but had rather occurred during sample preparation or because of inherent defects. Fig. 3 shows the FT-Raman spectra of the 120-hour unbleached and bleached bovine enamels. Numerous peaks were associated with both the organic and inorganic phases. The peaks associated with the inorganic phase were 429cm-1 (PO43-bending mode), 590cm-1 (PO43-bending mode), and 960cm-1 (PO43-stretching mode). Similarly, the peaks present due to the carbonate group were 1043cm-1 (CO32-bending mode) and 1068cm-1 (CO32-stretching mode).
The peaks in the 3000-2800cm-1 region, shown in Fig. 4 From the acquired FT-Raman spectra in this study, treatment with 30% hydrogen peroxide solution for 120 hours did not induce any significant compositional changes except for a minor loss of organic and inorganic materials.
No peak shifts nor appearance or disappearance of Raman peaks occurred, which implies there were no changes in tooth composition.
Treatment with 30% hydrogen peroxide solution also caused a slight softening of the treated enamel surfaces. The decrease in microhardness could be attributed to surface degradation, resulting from the complicated oxidative process of free radicals. In the course of surface degradation, the overall mineral content was reduced. However, the volume of mineral loss from the tooth is not considered significant30). Since microhardness is directly related to the mineral content of enamel, mineral loss did reduce the microhardness of enamel11,14). In this study, microhardness reduction during the bleaching process was maximal in the first 24 hours.
After 24 hours, even though the surface continued to soften gradually, the reduction rate decreased as the hours in the bleaching agent increased. Since the specimens stored in two different storage media did not show significant statistical differences between them up to 120 hours (a very long treatment period from clinical perspective), softening of the surface due to bleaching may not be clinically significant.
From the study, it is clear that hydrogen peroxide certainly dissolves organic materials and minerals from teeth and makes the surface of enamel soft and less compact.
However, this is not sufficiently conclusive to therefore assert that this bleaching agent is unsafe for teeth because the amount of mineral loss after 120 hours' bleaching was as little as the amount of mineral loss caused by 2-2.5 minutes' consumption of soft drink or fruit juice24,25). Instead, further study is needed to determine if the bleachinginduced modification on enamel surface triggers any unexpected effect on teeth.
